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one? and both portions may stand In a certain definite
relation to the quantity of work produced. This will be
made plainer as we proceed, and it will be moreover shown
that the inferences to be drawn from both assumptions may
not only exist together, but that they mutually support each
other."
Clausius showed that Carnot's theory could be deduced
from two laws. The first law is the theoretical statement
of the mechanical equivalence of heat; that the amount of
work done by a heat engine is equivalent to the consump-
tion of heat and vice versa. This law is a particular case
of the principle of the conservation of energy. According
to the second law, it is impossible for a self-acting machine,
unaided by any external agency, to convey heat from one
body to another at a higher temperature.
The statement of the second law of thermodynamics
requires careful definition before it is completely exact.
For instance, Clausius' statement "that heat never passes
of itself from a colder to a warmer body" is not correct unless
the word "heat" in this context refers to the nett result of
an exchange of heat between the two bodies. When two
hot bodies are in proximity some heat passes from the
cooler to the hotter body, but less than the amount that
passes from the hotter to the cooler, in the same interval
of time. Unless the word is applied to the nett result of
the exchange, Clausius' statement is in conflict with
Prevost's law of the exchange of radiation. Thomson's
awareness of this sort of logical difficulty delayed his arrival
at the second law of thermodynamics, and yet his own state-
ment of the law is erroneous. He writes: "It is impossible,
by means of inanimate material agency, to derive mechanical
effect upon any portion of matter by cooling it below the
temperature of the coldest of surrounding objects." As
Maxwell has said, this is not true without further restric-
tion, "for by allowing air to expand we may derive mechani-
cal effect from it by cooling it below the temperature of the
coldest surrounding objects."
Thomson did not become aware of the contents of
Clausius' paper of 1850 until 1851. Earlier in that year,

